ABSTRACT Broiler chickens are commonly placed on wood shavings as litter, but alternative litter sources are required due to the scarcity of wood shavings in many parts of the world. This study aimed to compare pelleted straw, chopped wheat straw, wood shavings, rice hulls, and shredded paper as litter candidates. Three-hundred-sixty Ross 308 one-day-old male chicks were used in this study. There were 5 litter treatments with 6 replicate pens, each with 12 birds. The feed conversion ratio (FCR) of birds reared on pelleted straw was improved compared (P < 0.05) to that of birds raised on rice hulls, whereas it did not differ for birds placed on wood shavings, rice hulls, chopped straw, or shredded paper. It was observed that the birds reared on wood shavings had higher relative gizzard weight at d 24 compared to those reared on pelleted straw (P < 0.05). Gizzard pH and measured cecal bacterial groups were not affected by the type of bedding material. Cecal bacterial groups measured at d 10 were not affected by bedding material. Birds reared on pelleted wheat straw had a lower incidence of footpad lesions than those on chopped straw and shredded paper on d 24 (P < 0.001) and 29 (P < 0.01). Litter source did not affect the occurrence of breast blisters at d 24, 29, or 35. On d 24, 29, and 35, pelleted straw litter was less caked than chopped straw and shredded paper (P < 0.001) whereas no significant differences were observed among pelleted straw, wood shavings, and rice hulls. The study demonstrated the potential benefits to using pelleted wheat straw as a bedding material. Further assessment of pelleting of wheat straw and other materials on broiler health, performance, and welfare are needed to determine the economic benefits of pelleted litter.
INTRODUCTION
In the current rearing system broiler chickens are commonly placed on bedding materials or litter from one d old to market age. The aim of using litter is to absorb moisture from the excreta of birds thus keeping the environment reasonably dry and suitable for the broilers to grow without developing lesions. Litter provides birds with a proper medium on which watering, feeding, and other management practices are carried out (Monira et al., 2003) .
Various types of bedding materials are used worldwide. Wood shavings remain the standard choice for poultry litter. As a consequence, the broiler industry uses a large quantity of processed solid wood residue. With the growing popularity of poultry meat, leading to rapid expansion of broiler production, wood shavings have become more scarce and costly (Garcês et al., 2013) . Other litter materials, such as rice hulls, cane bagasse, sawdust, corn cobs, oat hulls, recycled paper, C 2017 Poultry Science Association Inc. Received August 11, 2016 . Accepted December 8, 2016 Corresponding author: shubiao.wu@une.edu.au and wheat straw have been targeted for their high capacity to absorb moisture (Hafeez et al., 2009 ). Replacement of wood shavings by other litter sources depends on economics and availability. Shredded paper, wheat straw, and rice hulls have become attractive alternative sources as they can be obtained locally and cheaply. Generally, most research suggests that recycled paper litter could support performance and carcass quality of birds comparable to conventional bedding materials. Paper-based litter generally has high water-holding capacity (Malone and Gedamu, 1995) . However, shredded or ground paper products can be dusty and susceptible to litter caking (Malone and Gedamu, 1995) . Chopped wheat straw as alternative broiler litter also has its limitations as its large particle size may have a direct and negative effect on animal welfare, particularly footpads (Cengiz et al., 2011) . Therefore, the physical and chemical characteristics of bedding materials have become important as it has been realized that broilers will not reach their genetic potential for weight gain and feed conversion when reared with suboptimal litter conditions (Huang et al., 2009; Torok et al., 2009; Sirri et al., 2010) .
The efficiency of a specific bedding material relies on many characteristics such as the capacity to absorb water, to reduce moisture content, to alleviate caking, and to have an appropriate particle size (Brake et al., 1992) . Wet litter can significantly reduce broiler welfare and productivity (de Jong et al., 2014) . Birds grow fast during the first 3 wk of age and after that they spend a considerable amount of time sitting on the floor (Alvino et al., 2009) . During the sitting time, the bird's chest and footpads are directly in contact with litter. Wet litter increases the incidence of footpad dermatitis (FPD), breast skin blisters, coccidiosis, fungal infections, and intestinal parasites (Greene et al., 1985; Martland, 1985; Monira et al., 2003; Allain et al., 2009 ). This reduces carcass quality and increases the risk of rejection at the processing plant. It is well known that birds consume litter during the early stages of grow-out (Malone et al., 1983 ) especially when they are fed low fiber diets (Hetland et al., 2005) . The consumption of the bedding material may offer health benefits by increasing gizzard activity and gizzard size (Malone et al., 1983; Hetland et al., 2005) . Torok et al. (2009) found that bedding materials impact broiler aecal microbial populations, at d 14 and d 28, particularly when reused litter as compared to new litter materials was used. Although the FCR was not different between groups, birds on used litter had lower live weight at 14 d of age (P < 0.05). Additionally, younger birds were found to exhibit greater variability in cecal microflora composition than older birds indicating the immature intestinal microflora population at an early age is easily influenced by litter type and may be responsible for some of the differences detected in early bird growth rate. Basically, Toghyani et al. (2010) presented similar observations except that no growth data were shown for younger birds. Although it appears that litter types may not have substantial impact on bird performance, their effect on bird welfare is not clearly understood. Processing is known to affect the physical and chemical attributes of fiber. It is unknown how steam pelleting of wheat straw may affect its water-holding capacity when used as a litter material. Furthermore, whether specially made bedding materials such as pelleted straw can be beneficial to birds in terms of their performance and welfare has not been assessed to the best of our knowledge. The present study was designed to investigate the influence of pelleted wheat straw as a bedding material on broiler performance, gut microflora, and welfare in contrast to other litter sources commonly used in the broiler industry.
MATERIALS AND METHODS

Design and Husbandry
All bird handling procedures were conducted according to the guideline for the care and use of farm and laboratory animals and approved by the Animal Ethics Committee at University of New England (Approval No: AEC14-012). Three-hundred-sixty one-dayold male Ross 308 chicks were obtained on the hatching day from Baiada Hatchery in Tamworth, NSW. All chicks were vaccinated against infectious bronchitis and Marek's disease in the hatchery. On arrival, broiler chicks were allocated to 30 pens measuring 75 × 120 cm with each pen stocked with 12 birds. A completely randomized design was used with 5 treatments replicated 6 times. The treatments were 5 different litter types applied from d one of the experiment: rice hulls, wood shavings, pelleted wheat straw, chopped wheat straw, and shredded paper. All bedding materials were spread evenly to a depth of approximately 7 cm in each pen. Each pen was equipped with 2 Lubing cup water drinkers and a tube feeder with water and feed available ad libitum. The lighting, relative humidity, and temperature followed Ross 308 guidelines.
Diets
All birds were fed the same diets in 3 phases: starter (placement to d 10), grower (d 10 to 24), and finisher (d 24 to 35). All diets were wheat, sorghum, canola meal, soybean, meal and meat meal based to meet Ross 308 nutrient specifications for digestible amino acids, minerals, and metabolizable energy. Table 1 shows the ingredient and nutrient composition of each diet.
Performance Measurement
Pen weights and feed consumption were measured for each period on d 10, 24, and 35 with mortality recorded daily. Feed conversion ratio (FCR) was corrected for weights of dead birds for each period. Feed intake was then calculated as weight gain (WG) x FCR for each period.
Litter Uality (structure) and Moisture Content
Litter quality (structure) was scored per pen by visual inspection at d 24, 29, and 35. Litter was scored using a 4-point scale (ranging from 0 to 3): 0 = dry; 1 = slightly moist/caked; 2 = more moist/caked; 3 = wet.
On d 35, litter samples of approximately 1.5 kg were collected in plastic bags from 4 locations within each pen. Individual litter samples were separated and weighed before and after drying in a forced air oven at 105
• C for 24 h (Barker et al., 2013) to determine moisture content.
Gizzard Weight and pH, and Cecal Content Collection
On d 10, 24, and 35, 3, 2, and 2 birds, respectively, were randomly selected from each pen, weighed, and euthanized by cervical dislocation. Relative weight of empty gizzard and gizzard contents were determined using a digital scale. Gizzard contents from 2 birds were collected and homogenized for pH measurement (EcoScan pH 6). For the quantification of total bacteria, Enterobacteriaceae, and lactobacilli, approximately one g of cecal digesta was collected in a 2-mL Eppendorf tube, snap-frozen in liquid N 2 , and stored at −20 • C until DNA extraction.
Quantification of Cecal Bacteria
Cecal DNA was extracted according to the ISO-LATE II Plant DNA Kit (Bioline, NSW, Australia) protocol for fecal samples with slight modification. Approximately 200 mg of freshly defrosted cecal content and 300 mg of glass beads were placed in a 2-mL Eppendorf tube. Then 450 μl Lysis Buffer PA1 were added and mixed using a vortex mixer. The samples were transferred to Mixer Mill MM 300 (Retsch GmbH & Co, Haan, Germany), disrupted at a frequency of 30/s for 5 min, and heated at 95
• C for 5 minutes. The digesta were lysed and homogenized after adding 200 μL of extraction buffer, followed by vortexing. An aliquot of 100 μL of extraction buffer was added and centrifuged at 4,600 × g for 10 minutes. Then 600 μL of the lysate were transferred into a 1.5-mL microcentrifuge tube, 10 μL RNase were added to remove RNA, and then the solution was incubated at 65
• C. The incubated mixture was centrifuged for one min at 11,000 × g. An aliquot of 450 μL of Binding Buffer was used to capture DNA by vortexing thoroughly and then centrifuging for one min at 11,000 × g. Wash Buffer PAW1 (400 μL) and PAW2 (700 μL) were applied at independent steps to purify DNA, centrifuged for one min at 11,000 × g to remove the wash buffer and to dry the silica membrane completely. Then 50 μL of Elution Buffer was used to elute DNA into a 1.5-mL Eppendorf tube.
The methods reported by Wise and Siragusa (2006) , Shannon et al. (2007) , and Requena et al. (2002) were performed for the quantitative PCR of Enterobacteriaceae, total bacteria, lactobacilli Bifidobacteria, Salmonella, and Clostridia. The extracted cecal DNA was diluted 20 times in autoclaved Milli-Q water; a SensiMix TM SYBR R (Bioline, Sydney, Australia) Kit was used for the quantification of total bacteria, Enterobacteriaceae, Lactobacilli, Bifidobacteria, Salmonella, and Clostridia. The below specific 16 rRNA primers were used: CATTGACGT-TACCCGCAGAAGAAGC and CTCTACGAGACT-CAAGCTTGC for Enterobacteriaceae; CGATGAG TGCTAGGTGTTGGA, and CAAGATGTCAA GACCTGGTAAG for Lactobacillus spp.; CGGY-CCAGACTCCTACGGG and TTACCGCGGCTGCT GGCAC for total bacteria; GCGTCCGCTGTGGGC and CTTCTCCGGCATGGTGTTG for Bifidobacterium; ATGCAAGTCGAGCGAKG, and TAT-GCGGTATTAATCTYCCTTT for Clostridium, and CGTTTCCTGCGGTACTGTTAATT and AGACG-GCTGGTACTGATCGATAA for Salmonella.
The Rotorgene 6500 real-time PCR machine (Corbett, Sydney, Australia) was employed for quantification of the bacteria under investigation. The PCR were performed in duplicate for each sample in 10 μL of reaction. A threshold cycle (CT) average from the replicate cecal DNA samples was used for data analysis and repeat was conducted when the differences among the replicates were greater than 0.5 CT. Serial dilutions of linearized plasmid DNA (pCR R 4-TOPO Vector, Life Technologies, Carlsbad, USA) inserted with respective bacterial amplicons were used to construct a standard curve. The NanoDrop ND-8000 (Thermo Fisher Scientific, Waltham, MA) was employed to measure the concentrations of the plasmid DNA. The copies of amplicons were calculated from the mass of plasmid DNA taking into account the size of the amplicon insert. The quantified bacteria were expressed as log 10 (genomic DNA copy number)/g digesta.
Scoring System
Two birds from each pen were scored for FPD and breast blister (BB) on d 24, 29, and 35. The score of footpad dermatitis was determined according to the method of Allain et al. (2009) . A 10-point (ranging from 0 to 9) scale was used based on extent and appearance of lesions: 0 indicated no lesions and 9 the most macroscopic deep lesions. The breast burn was scored using a 3-point (0 to 2) scale: 0 refers to no lesion and no discoloration, 1 refers no lesion but slight red discoloration, and 2 refers to breast burn or blistering and severe red discoloration (Cressman, 2014) .
Statistical Analysis
The SAS statistics version 9.3 (SAS Institute, Cary, NC) was used to perform statistical analysis. The data were analyzed using one-way ANOVA with litter type as the factor. The significant difference between means was measured using the Tukey test, and the P-value at 0.05 level was used as a criterion of statistical significance.
RESULTS
Broiler Performance
Growth performance of broilers was affected by litter type at d 10 but not thereafter ( Table 2) . FCR of birds reared on pelleted wheat straw was improved compared to those reared on chopped straw (P < 0.05), whereas it did not differ in birds reared on wood shavings, rice hulls, or shredded paper. During the period one to 10, one to 24, and one to 35 d, no significant differences in weight gain and feed intake were observed among birds reared on different types of litter. However, on d 24, birds reared on wood shavings tended (P = 0.054) to have better FCR when compared to those reared on shredded paper or rice hulls.
Effect of Litter on Gizzard
The effect of litter type on the relative gizzard weight and gizzard content are shown in Table 3 . Birds placed on wood shavings had higher (P < 0.05) gizzard relative weight at d 24 compared with those reared on pelleted straw. However, no effect of litter type on relative gizzard weight was detected at d 35. In addition, litter type had no impact on gizzard pH and gizzard content at d 10, 24, or 35.
Effect of Litter on Gut Microflora
Bacterial counts in the cecal contents were quantified at d 10 as shown in Table 4 . No significant differences in measured cecal bacteria were observed across different litter types.
Incidence of Footpad Dermatitis and Breast Blister
The effects of litter materials on FPD and breast blister in broilers are presented in Table 5 . Average FPD was affected by litter type. At d 24, birds reared on pelleted wheat straw and wood shavings had a lower incidence of footpad lesions compared to those reared on chopped straw or shredded paper (P < 0.05). At d 29, birds reared on pelleted wheat straw also showed lower FPD than those raised on shredded paper or chopped straw (P < 0.05). However, there was no significant difference in the incidence of FPD in the birds reared on pelleted wheat straw and those reared on wood shavings or rice hulls on both d 24 and 29. No differences in FPD were detected among litter types on d 35. Litter type had no effect on the occurrence of breast blister at age 24, 29, or 35 days.
Litter Score and Moisture Content
The scores of the litter structure and litter moisture content are shown in Table 6 . On d 24, 29, and 35, pelleted straw, rice hulls, and wood shavings litters were less caked than chopped straw or shredded paper (P < 0.001).
On d 35, the moisture content of the chopped straw was significantly higher than other litter types (P < 0.001) except shredded paper. There were no differences in moisture among shredded papers, wood shavings, pelleted straw, or rice hulls.
DISCUSSION
The main objective of the present study was to assess the performance and welfare of broiler chickens reared on pelleted wheat straw as opposed to commonly used bedding materials like rice hulls, wood shavings, chopped straw, and shredded paper. Several studies have suggested that litter type and mixed litter would affect bird performance and welfare (Huang et al., 2009; Youssef et al., 2010; El-Deek et al., 2011) . However, other studies showed that litter type had no effect on performance and welfare (Monira et al., 2003; Hafeez et al., 2009) . Our study showed that pelleted straw had an impact on performance at an early age of the birds along with some positive welfare implications. To the best of our knowledge, no report has been published to investigate the impact of pelleted straw on broiler performance, gut development, and welfare. Growth performance of broilers was affected by litter type at an early age. At d 10, the FCR of birds reared on pelleted straw was improved compared to those reared on rice hulls but no such improvement was apparent thereafter. This may be related to litter conditions and consumption as after 2 wk all litter sources became soiled with increased moisture. The wheat straw pellets lost durability and became loose between 10 and 14 d of age. On d 35, weight gain of birds tended to be highest in birds raised on shredded paper. This might be related to lower stocking density (18 kg/m 2 ) in the current study as compared to the industrial standard for Ross 308 (33 kg/m 2 ) (Ross-Broiler-Handbook, 2014) . This is in agreement with the study of Malone and Gedamu (1995) , who documented that birds placed on shredded or ground paper performed better than those reared on other litters when the stocking density was low. However, the reasons underlying this possible benefit of paper litter at low stocking density does not appear to be a result of litter consumption, gizzard weight, or relative differences among classes of bacteria residing in the ceca.
The results showed that relative gizzard weights, gizzard content pH, and gizzard content were unaffected by the type of bedding material in 10-day-old chicks. This indicates that birds did not consume sufficient amounts of litter to produce possible differences of these parameters. On d 24, the relative gizzard weights were heavier in the birds on wood shavings than pelleted straw and shredded papers, suggesting consumption of wood shavings during this time. Wood shavings retained its physical structure longer than shredded paper or pelleted straw, both of which were degraded into fine particle sizes. Hetland and Svihus (2001) found that the inclusion of coarsely ground oat hulls in the diet significantly increased the relative gizzard weight compared to that of birds fed a control diet and a diet with finely ground oat hulls, while no significant difference of gizzard content was found between birds fed coarsely and finely ground oat hulls. Wu et al. (2011) stated the increased amount of fiber in the diet and/or consuming of hardwood litter by broiler had the same impact as shown by feeding of coarse feedstuffs, i.e., enhanced development of the gizzard. However, the effect of litter on gizzard weight did not continue in the current study. Malone et al. (1983) reported that the consumption of bedding materials decreased after 3 weeks. Therefore, perhaps lower consumption of litter is the reason for the disappearance of the litter effect on gizzard weight.
In this study, the caking rate of the litter was observed to be higher with both chopped straw and shredded paper in comparison to other types. Materials with a large initial particle size (as in shredded paper and chopped straw) had a tendency to form cakey litter easily. Malone et al. (1982) concluded that the reduced particle size of processed newspaper may decrease litter caking. Thus a small particle size of paper litter may be needed to reduce the caking rate at a later stage of broiler grow-out. As expected, the litter cake scores showed similar trends with the percentage of moisture content in litter. The moisture content of chopped straw was significantly higher than pelleted wheat straw, wood shavings, and rice hulls. This could be related to the water-holding capacity and water-releasing capacity. Farhadi (2014) reported that the water-holding capacity of wheat straw was higher than wood shavings and rice hulls and the evaporation rate in wheat straw was lower.
The stocking density of birds, litter particle size, type of litter, and litter moisture and caking have been documented as main contributing factors to bird welfare (Dawkins et al., 2004; Haslam et al., 2007; Mayne et al., 2007; Bilgili et al., 2009) . Of all bedding materials examined, pelleted straw showed the lowest incidence of footpad dermatitis. At d 24 and 29, the occurrence or appearance of footpad dermatitis was significantly lower in birds reared on pelleted straw compared to those placed on chopped straw and shredded paper. This could be related to water-absorbing capacity and evaporation rate as pelleted straw is more compact than chopped straw resulting in less cakey litter and fine particle size. Bilgili et al. (2009) stated the sharp edges of chopped straw may be responsible for the incidence of FPD. Cengiz et al. (2011) demonstrated that litter with a large particle size and high moisture level was related to the development of FPD. On d 35, the incidence of FPD in birds raised on chopped straw and shredded paper tended to be higher (P = 0.081) than in birds raised on other types of litter. Litter moisture and caking scores were high, which could be responsible for the higher incidence of FPD. The result at d 35 of this study shows that there is a strong correlation between moisture content and caking score (P = 0.001) and also between litter caking and FPD (P = 0.009) (Mayne et al., 2007; Bilgili et al., 2009 ) reported a strong correlation between high litter moisture and caking scores and the incidence of FPD.
In conclusion, this study demonstrated that litter type may contribute to welfare and performance difference, and that there are potential benefits with use of pelleted wheat straw as a litter material. However, the high pelleting costs for making the product could render it uneconomic to use in the broiler industry. Further assessment of pelleting of wheat straw and other materials on broiler health, performance, and welfare are needed to determine the economic benefits of pelleted litter.
